ACh release but bicuculline markedly increased the spontaneous resting release, suggesting a tonic GABA-ergic input to the cholinergic amacrine cells (Cunningham & Neal, 1983).
The GABA analogues muscimol and 3-APS also reduced the light-evoked release of ACh but were several thousand times more potent than GABA itself. The remarkably high relative potencies of the analogues might be due to the uptake processes for GABA in the retina.
Cholinergic drugs
In other areas of the central nervous system, atropine increases the release of ACh. This effect is believed to be caused by the block of inhibitory feedback systems. However, there has been much discussion on whether the feedback system involves recurrent neuronal loops or 'autoreceptors' present on the cholinergic cells themselves.
In the retina we have found that atropine in the presence of eserine doubles the light-evoked release of ACh. Conversely, muscarine reduces the evoked release of ACh by at least 50%, an effect blocked by atropine. The nicotinic antagonists hexamethonium. pempidine and gallamine have no effect on ACh release. Thus the cholinergic amacrine cells appear to possess an inhibitory feedback system similar to that described in other areas of the brain. However, this retinal feedback system apparently does not involve muscarinic autoreceptors, since the actions of both atropine and muscarine are abolished by strychnine. This result implies that the feedback system involves an inhibitory loop containing a glycinergic amacrine cell (Cunningham et al., 1983 ).
Excitatory amino acids
There is increasing evidence that glutamate and/or aspartate are the excitatory transmitters released from the photoreceptors and probably from some bipolar cells as well.
Slaughter & Miller (1981) found that APB, an excitatory amino acid antagonist in the spinal cord and cerebral cortex. mimicked the action of the photoreceptor transmitter on depolarizing bipolar cells of the mudpuppy. We confirmed this in the rabbit retina and found that APB almost abolished the light-evoked release of ACh. This result indicated that under our experimental conditions the bipolar cell input to the cholinergic amacrine cells involved mainly the depolarizing rather than the hyperpolarizing bipolar cells. The suggestion that APB was mimicking the photoreceptor transmitter rather than acting as an antagonist was supported by structure-activity studies. These revealed that the L(+)-isomer of APB was much more potent than the D(-)-form and that APB was more potent that other compounds in the same series. such as APV (Neal et al.. 198 I) . The effects of glutamate, aspartate, quisqualate and kainate on the spontaneous resting release and light-evoked release of ACh are shown in Flg. 1. The main effects of all these compounds were a progressive decrease in the light-evoked release of ACh coupled with an increase in the resting release.
It is impossible in these experiments to determine the exact sites of action but as the electroretinogram b-wave was not significantly reduced it is probable that the drugs act directly on the cholinergic amacrine cells. Kainate was unusual in that at low concentrations it actually increased the light-evoked ACh release.
The antagonists PDA and DGG abolished the light-evoked release of ACh and also the effects of kainate on the resting release. Quisqualate was not antagonized by these drugs. Glutamate diethyl ester had no effect on the retina. Since PDA did not affect the b-wave it must block the light-evoked ACh release by antagonizing the transmitter released from the depolarizing bipolar cells, a conclusion supported by recent electrophysiological findings in the mudpuppy retina (Slaughter & Miller. 1983) .
A diagram of the cholinergic amacrine cell and some possible inputs deduced from the results outlined above is shown in Fig.  2 
lntroduc(ion
The number of putative transmitters in the central nervous system. including the retina, has increased substantially in recent years with the discovery of neuroactive peptides (for reviews, see. e.g.. Hokfelt et a/.. 1980; Karten & Brecha, 1982) . In vertebrate retinae. peptides are almost exclusively contained in amacrine cells. a type of interneuron that receives synaptic inputs from bipolar. interplexiform and other amacrine cells. and whose outputs are directed on to bipolar, interplexiform. other amacrine and ganglion cells (Dowling and Werblin, 1969 : Dowling & Ehinger, 1975 : Karten & Brecha. 1982 : Stell et al.. 1980 . Retinal amacrine cells appear to contain peptides in a mutually exclusive manner. and also lack co-existence with conventional transmitters (Karten & Brecha. 1982 
I MetlEnkephalin
In goldfish retina, Djamgoz et al. (1981) showed that I ~M -D A L A * enhanced both the spontaneous and the lightevoked responses of sustained-ON ganglion cells, and blocked the inhibitory re-bound phase that immediately follows the off-set of light in these cells. When synaptic transmission to the ganglion cells was blocked by treating the retina with Co2+, the excitatory effect of DALA was not observed, thereby suggesting that the pathway of the DALA action was polysynaptic. Further evidence was obtained to show that the excitatory effect of DALA, in fact, represented inhibition of the inhibitory GABA-ergic amacrine cells. First, sustained-ON ganglion cells excited by DALA were also excited by the GABA antagonist bicuculline. and, secondly, DALA significantly reduced the high-K+ induced release of I 3H1GABA from GABA-ergic amacrine cells. The effects of DALA in the electrophysiological and release experiments were blocked by the opioid antagonist naloxone. In mudpuppy and tiger salamander retinae, DALA was found to depress the lightevoked spike activity of all types of ganglion cell (Dick & Miller. 1981) .
Lutenizing hormone-releasing hormone (luliberin)
Some effects of lutenizing hormone-releasing hormone application on ganglion cells in goldfish retina have been reported (Walker er al.. 1 9 8 2~: b). Most of the effects seen were weak and not always reproducible.
Neuro fensin
There is one report on the electrophysiology of neurotensin in vertebrate retina. Dick & Miller (198 1) showed that all ganglion cells studied in the mudpuppy retina were excited by ionophoretically applied neurotensin, this effect being antagonized by simultaneous application of GABA.
Substance P
In the mudpuppy, Substance P excited most ganglion cells (Dick & Miller. 1981) . whereas in the carp retina, Substance P generally excited ganglion cells with an ON-component in their light-evoked responses (Glickman et al., 1982) . We have investigated the electrophysiological effects of Substance P in the retina of a common cyprinid fish. roach (Rutilus rurilus). The spike activity of ganglion cells was recorded extracellularly using tungsten microelectrodes. and chemicals were applied to the receptor surface of isolated retinal preparation by a simple atomizer system (Djamgoz, 1983) . We specifically investigated transient O N -O F F units. first to gain information on both the 'ON' and 'OFF' pathways in the retina, and secondly since most of these units possess a uniform. simple receptive field with no apparent surround zone. The effect of IpM-Substance P on these units is summarized in Table 1 Figure) . Recordings on the right show the responses of the same unit to the same set of stimuli after application of 1 pM-Substance P to the retina.
The main effect of Substance P was enhancement of both response components of O N -O F F units. A typical recording is shown in Fig. 1 . The effect of Substance P in the isolated retina was accomplished within 1-2 min of application, and reversed within 5-6 min, presumably after enzymic breakdown (see below). Quantitative aspects of Substance P action on O N -O F F ganglion cell responses are illustrated in Fig. 2 . The 'OFF' responses of the ON-OFF unit studied increase with increasing light intensity until a saturation response level is reached (Fig.  2a) . After Substance P application, the basic response pattern is maintained, but the sensitivity of the cell appears to increase by about 0.5 log unit. and the maximum response level is more than doubled (Fig. 2a) . The reversal of the effect is also indicated (Fig. 2a) . Since peptides are believed to be inactivated by endogenous peptidases, we also studied the effect of treating the retina with an anti-peptidase cocktail (bacitracin and bestatin at 500pg/ml each). A typical result is shown in Fig. 2(b) . The control responses of this unit were measured three times and found to be reasonably consistent (Fig. 2b) . After application of the anti-peptidase mixture. the light-evoked responses of the cell are enhanced and this effect lasts for about 4min (Fig. 2b) . When Substance P is applied subsequently, however, the sensitivity of the response is increased by more than 1 log unit. and the maximum level of response is more than quadrupled (Fig. 2b) . This effect lasts for at least 15min. Thus. it appears that the action of Substance P on O N -O F F units is enhanced . In both graphs circles denote control responses (in b, the error bars denote the standard deviations on three successive measurements). In ( a ) squares denote the cell response in the presence of 1 pM-Substance P (taken during the first 2 min of application): triangles denote the recovery of control responses measured 6 min after Substance P application. In (b), after the control measurements, the retina was treated with the anti-peptidase mixture, which caused a transient excitatory effect (diamonds); the effect of subsequent application of IpM-Substance P is indicated by the squares. (c) Nd represents the number of spikes measured in 0.9s bins; t, the time after the beginning of counts. This unit was initially treated with the anti-peptidase mixture (marked by the left-hand arrow-head), which appeared to cause a transient reduction of its firing rate. Application of 1 pM-Substance P (indicated by the right-hand arrow-head) caused a marked increase of the spontaneous activity.
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after inhibition of endogeneous peptidases. The excitatory effect of Substance P on the spontaneous firing of an ON-OFF unit is illustrated in Fig. 2(c) .
Thus, Substance P consistently excites both the dark and the light-evoked activities of ON-OFF ganglion cells in the roach retina. We do not know yet whether this excitatory action is direct or represents inhibition possibly of the inhibitory glycinergic amacrine cells, which stratify alongside Substance P-immunoreactive amacrine cells in layer 3 of the inner plexiform layer (Brecha et al. 1981; Marc & Lam, 1981 ; N. N. Osborne & M. B. A. Djamgoz, unpublished work). There is a hint of 'disinhibition' in the result illustrated in Fig. 1 . In control responses there is a 'silent' (inhibitory) phase in the 'OFF' component, and this is blocked by Substance P. Overall, Substance P appears to 'sensitize' the responsiveness of ON-OFF units by both enhancing their absolute sensitivities and increasing the maximum levels of response that these cells would give normally. In this respect, Substance P can be said to 'modulate' the synaptic interaction(s) that generates these responses. The fact that the effects of Substance P are relatively long-lasting (especially after pre-treatment of the retina with antipeptidases) is consistent with a 'neuromodulatory' role of Substance P (Barker & Smith, 1980) .
Conclusions
Currently available data, reviewed briefly here, suggest strongly that peptides have a functional role in neuronal communication in the vertebrate retina. Before a chemical can be confirmed as a synaptic 'messenger', however, a number of criteria have to be satisfied (Werman, 1966) . So far, peptides have been shown to satisfy the following criteria. (i) They are biosynthesized in the retina, and contained in a specific population of neurons (amacrine cells) (Karten & Brecha, 1980; Yamada el al., 1981) . (ii) They can be released by physiological (light) stimulation of the retina (Schenker & Leeman, 1981) . (iii) They influence the electrical activities of ganglion cells that receive synaptic inputs from the peptidergic amacrine cells, and these effects can be blocked by specific antagonists (e.g. Djamgoz et al., 1981) . (iv) The retina appears to contain endogenous peptidases (enzymes that are involved in inactivating peptides) since application of an anti-peptidase mixture by itself influences ganglion cell activity, and in such a situation the effect of an exogenously applied peptide is enhanced (the present study).
It is not yet certain, however, whether peptide effects on ganglion-cell activity represent neurotransmission or neuromodulation or both. Since most retinal cells show some degree of spontaneous synaptic activity, the precise resolution of this point is not likely to be straightforward.
